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Five-hundred-meter Aperture Spherical radio Telescope

Timeline

* Project Approval:
December, 2007

* Construction Commence: March, 2011 (¥1.15Billion)

*Openning ceremony: Sep. 25, 2016 c I:I:I
e Commissioning: 2016 - ~2018
19 beam L-band array: installed in May, 2018
Backend upgrade (for commensal survey): ;E

under development, initial testing in September, 2018

*Operation starts: ~2019 EE



Surface Oflsets

Distance from the spherical basic plane (m)

Jiang et al. 2015 “Studying solutions for the fatigne of the
FAST cable-net structure cansed by the process of changing
shape”, Research in Astronomy and Astrophysics
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Observables <o Seres

a)21cm HI (galaxies and ISM) —

International Journal of Modern Physics D

b ) Sp €C[ral hﬂ@ S Vol. 20, No. 6 (2011) 989-1024 “ :’!33'3‘ uss:.::ﬁ:?::ﬁ

(© World Scientific Publishing Company
DOI: 10.1142/S0218271811019335

P I THE FIVE-HUNDRED-METER APERTURE SPHERICAL
C ll SaI'S RADIO TELESCOPE (FAST) PROJECT

RENDONG NAN*:t:§ DI LI*#:9, CHENGJIN JIN*, QIMING WANG?*,
LICHUN ZHU*, WENBAI ZHU*, HAIYAN ZHANG*1,
YOULING YUE* and LEI QIAN*

d)VLBI

Nan, Li, Jinetal 2011, JMR-D, 20,989 (>150 citations)

Li & Pan, 2016, Radio Science, 51, 7
6) SETI Li et al. 2018, IEEE Microwave, Vol. 19, Issue 3



ASKAP-FAST HI Gals Survey  2)

3.8 sky survey

* 1201 ASKAP fields — 9600 hrs

* 110 FAST driftscans — 2700 hrs

* (0 <2<0.26

* 1,000,000 galaxies vs ALFALFA (30000 galaxies)

[Ncrease
gaseous galaxies x30

* Velocity resolution 4 km s
e 30”-3’ resolution

Matching Optical Surveys?
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Credit: Lister Staveley-Smith (UWA) South



FAST Outlook
HI Galaxies from a Drift-Scan Survey
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The Cosmic Web a)

log(N,) Total Hydrogen component
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Pacific Rim Interstellar Medium Observers

“Dark Gas” Absorption Survey b)

P RI M O Pacific Rim Interstellar Matter Observers (PRIMO)
KPR R AR B RS B A _—

State-of-Art : Arecibo telescope 79 sources
Heiles & Troland 2003, Ap] (I+II>400 citations)

Goal: FAST 5yrs 800 quasars

PHASE TRANEITIONE IN THE DIFFUSE IEM

INcrease A kdd ]

quasar abs. samples x10  A#RBQERE XS

Publications:

HI absorption spectrum toward 3C409

WORKSHOP, 2013 &=

1. Li et al. 2015, Quantifying Dark Gas, PKAS 0

2. Tang et al. 2016, Physical Properties of CO-dark Molecular Gas Traced by 0
C+ A&A

3. Xu & Li 2016, Ap], paper I, 11
4. Tang & Li et al. 2017, OH Survey along Sightlines of Galactic Observations

Arecibo Tracking

ON+16 OFF )10 h

of Teraherty C+, Ap], 839, 8 “E | o
5. Pan & Li et al. 2017, ng%g—S cale Spectroscopic Mapping of the -Ophinchi |

Molecutar Cloud Complex 1. The C2H to N2H~+ Ratio as a Signpost of Clond ;_
Characteristics, Ap], 836, 194 ot ON+4 OFF 1.4 h

FAST Tracking

3C409
6. Tatematsu, Ken’ichi et al. 2017, Astrochemical Properties of Planck Cold
C/ﬂwp‘f) APJS, 228, 12 —20 —‘10 (I) 1I0 2‘0 3I0 4I0

7. Li, Tang & PRIMO 2018, Where is OH and Does 1t Trace the Dark Vier (e 57
Molecular G MG)?, Ap]S, 235, 1 S e o
olecuiar dfﬂ) ) > pJ > > 2017923 FAST‘ﬁ}]iéi‘/ﬂ‘J ‘5\42:\:';%



DMG & DNM
Intermediate Av ~ 0.1-2

8x1077 1

Anticentre region

6x1077

Diffuse y
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. - )
OH abundance co-dvolve Remy, Grenier et al. 2917
with CO, N(H), and ‘DGF ' Based on Fermi
\ - )
DGF = 0.90 X exp(—(A"0701'79) )

Xu, Li+ et al. 2016 Ap]J|




Pacific Rim Interstellar Observer

PRIMO

“Where is OH and Does it Trace the Dark
Molecular Gas (DMG) ¢”

Li, Tang, +PRIMO, Ap]S, 235,1

® OH excitation temperature
peaks around CMB

e OH abundance tracks DMG

fraction

e [ AST will supersede Arecibo
by x10. Tests underway




OH Excitation b)
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The FAST “Absorption Sky”
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Pulsar Surveys C)

AO 327 MHz drift scan / Galactic centre search
LOFAR bulsar survev - \ + PMPS re-analvsis EQH

GBT350/A0327
HTRU Low
PMPS

‘ PALFA
| HTRU Mid

N\
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HTRU-N low-latitude’ / l- "HTRU-S low-latitude
HTRU-N medium-latitude HTRU-S medium-latitude
HTRU-N high-latitude HTRU-S high-latitude

Dai & Zhu
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cregan. "FAST Pulsar#l
e 185000 & crArTs

‘. 3 o AT awmEm.8328
o VSRR, 67 0 AE (I )
€& RIMM: FAST 2017/08/22

B UEWF ] : Parkes 2017/09/10 Y _ e
7 NN s S A
' k\ RAFTS Iiﬂﬂi;'i http://crafts.bao.ac.cn/pulsar/

Jocelyn Bell Burnell
Happy New Year!
To:

Bets wishes to you and all at FAST for the Chinese New

>0 candidates

° °
Jocelyn BELL UHN Sy ess@l Abtropfigesics \Qggiversif of Oxf De dKi AQng Keblg-Road, d 3 Onﬁrmed
?eff +44 (0)184% 273386/ aSjEme 2733g0. Cwlé ' l Cé é S I CI'iCS
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The “Taurus” Pulsar

FAST discovers radio pulses from J0357 €

830 PM’* T l [ I IAI—"I

]

i <I|:::'
Taurus Molecular Cloud

Declinption (J2000)
&
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f

29° - A
i 4 Chandra X-ray Image
o b 2 . De Tuca et al. 2011
28 B 0 b
N : ‘;&;;\ l : 2 Puleee <of Best Profile . sarch Infermation
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Right Ascension (J2000)

Chapman ... Li+ et al. ApJ 2011

P=0.444 s
DM=47.6

Confirmed by Arecibo DDT observations; AO timing underway



Closest or Fastest? C)

- Consistent with Fermi’s
periodicity of 0.444s

« No radio detection until

FAST
» Visible X-ray tail
» Very * hugh * apparent

proper motion

- X-ray absorption column + X-ray image from CXO
DM estimates => 1Kpc?

Possibly one of the most nearby pulsars ?
Or one of the fastest-moving pulsars -



400 MHz Flux Density (mdy)
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FAST"s First MSP

3FGL J0318.1+0252
FL8Y J0318.2+0254

PSR J0318+0254
-]

- Fermi unidentified source
- GBT, Arecibo non-detection

PSR J0318+0253
p 5.19 ms; DM 26 pc cm-3

2018.2.27 FAST one hour tracking

2018.4.12 Wang Pei and GZNU group
discovered the candidate

2018.4.18 Colin Clark found the y-
counterpart

2018.4.23 Pablo confirmed no X-ray,
provided limits

2018.4.28 Published on Atel #10851

2018.5.02 IPTA released J0318+0253 Wang et al. 2018, Atel # 10851
10 |'tS mem bers “BEASTs Discovery of a New Millisecond Pulsar (MSP) toward

the Fermi-L AT unassociated source 3FGL. J0318.1+0252”




FAST-Fernmm

#1ype:
#1. New Pulsar discoved
#2. Pulsar Candidate

#Source_nam Ra(J2 Dec(J2

FL8Y_J1120.6+0713  11:20:38 07:13:12
FL8Y_J0652.9+4708 6:52:58 47:07:48
FL8Y_J0546.6+0026 5:46:41 00:26:24
FL8Y_J0506.0+5028  5:06:05 50:28:48
FL8Y_J0541.2+3515 5:41:17 35:15:36
FL8Y_J0431.3+3500 4:31:24 35:00:36
FL8Y_J0430.6+3533 4:30:41 35:33:00
FL8Y_J0427.8+3631 4:27:50 36:31:12
FL8Y_J0344.4+3202 3:44:24 32:02:24
FL8Y_J0342.3+3154  3:42:19 31:54:36
3FGL_J0318.1+0252 3:18:17 02:54:36
3FGL_J1949.3+2433 19:49:18 24:33.00
3FGL_J2028.5+4040c 20:28:30 40:40:12
PSR_J1906+0722 19:06:31 7:22:55.2
3FGL_J2026.8+2831 20:27:07 28:11:24
3FGL_J0258.9+0552 2:58:54 05:52:11.2
3FGL_J1627.8+3217 16:27:52.3 32:17:55.7
3FGL_J1925.4+1727 19:25:24 17:27:00
3FGL_J1950.2+1215 19:50:12 12:24:00
3FGL_J0357.9+3206 03:57:55.2 32:06:23
3FGL_J2028.5+4040c 20:28:30 40:40:12
3FGL_J2053.9+2922 20:53:54 29:22:01.2
3FGL_J2250.6+3308 22:50:36 33:07:58.8
3FGL_J2035.0+3634 20:35:01.92  36:34:53
3FGL_J1120.6+0713 11:20:41.28  7:13:24.6
3FGL_J1225.9+2953 12:25:54 29:52:48
3FGL_J2117.6+3725 21:17:41 37:25:32.2
3FGL_J2212.5+0703 22:12:35.28  7:03:35.3
PSR J0357.8+3205  03:57:48 32:05:00
3FGL_J1627.8+3217 16:27:52.32  32:17:55.7
3FGL_J2004.4+3338 20:04:24.72  33:38:42.4

R

19Beam(1.05-1.45
19Beam(1.05-1.45
19Beam(1.05-1.45
19Beam(1.05-1.45
19Beam(1.05-1.45)

iver im
19Beam(1.05-1.45)
19Beam(1.05-1.45)
19Beam(1.05-1.45)
19Beam(1.05-1.45)
19Beam(1.05-1.45)

( )
( )
( )
( )

2018/08/04 14:15-15:15
2018/07/19 10:40-11:40
2018/07/15 10:35-11:35
2018/07/12 09:55-10:55
2018/07/11 10:40-11:40
2018/07/10 10:30-11:30
2018/07/10 09:15-10:15
2018/07/08 10:40-11:40
2018/07/07 09:15-10:15
2018/07/04 10:05-11:05
UWB(290-802) 2018/02/27 16:50-17:50
UWB(290-802) 2018/02/26 09:00-10:00
UWB(290-802) 2018/02/26 10:25-11:45
UWB(290-802) 2018/02/25 09:00-10:00
UWB(290-802) 2018/02/25 10:15-11:45
UWB(290-802) 2018/02/24 16:45-17:45
UWB(290-802) 2018/01/03 09:50-10:20
UWB(290-802) 2017/12/21 15:20-15:50
UWB(290-802) 2017/12/19 15:45-16:15
UWB(290-802) 2017/12/17 22:24-23:34
UWB(290-802) 2017/11/06 19:20-19:50
UWB(290-802) 2017/11/02 19:55-20:25
UWB(290-802) 2017/11/02 20:55-21:25
UWB(290-802) 2017/11/01 19:55-20:25
UWB(290-802) 2017/10/30 09:00-09:07
UWB(290-802) 2017/10/30 09:50-10:30
UWB(290-802) 2017/10/30 19:30-20:00
UWB(290-802) 2017/10/28 19:30-20:00
UWB(290-802) 2017/10/27 01:25-04:00
UWB(290-802) 2017/10/24 16:00-16:30
UWB(290-802) 2017/10/24 19:00-19:30

Pr
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Mol for Pulsar Studies with the FAST Radic Telescope and the ffernun LAT

PARTICIPANTS
Name, role or affiliation

Peter 1. Michelson, LAT Principal Investigator

Deavid J. Thompson, LAT multi-wavelergth coordinator

Deavid A. Smith, LAT pulsar timing campzaign coordinater

Paul S. Ray, LAT pulsar search consertivm coordinater

Colin Clark, LAT blind gamma ray pulscr searc>

Elizabeth C Ferrara, liaisor with LAT ce~

L
Matthew Kerr, LAT timing soluti~ &

Jun Yan, F/ ,
DiLi, FAS Q read

Xian Hou, LA | ar Coordinator Tor China

Weiwei Zhu, FAST Multi-hand Pulsar Ohservation Coordinator

Pei Wang, FAST Pulsar Search Lead

Chengmin Zharpg, FAST Pulsa Timing [Lead

Zhiqiang Shen, TMRT Science T.ead

Na Warg, Nanshar Tclescope and QTT Secicree Lead




Extra-galactic Pulsars C)

Bahcall, Rees & Salpeter 1970

. P() PdP/dt
M,(t) = —13.7 + 10 log [pmin] — 25 log [(PdP/dt)crab]

Manchester et al. 2000
LMC, SMC: now > 15 pulsars, also X-ray
Bachetti et al. 2014: M82, Chandra, 1.37s

M33: None NR car

M31 5 O no SNhs
© e Sakai et al. 2014

50-80 normal pulsars detectable by FAST (Smits et al. 2009)

Gilant pulse Credit: Crawford, Cordes & DL

LOW HIGH
FreqMMHz) 560 1295
BW (MHz) 580 680
Nchan 5220 5850
T_drift (sec) 33 14

LOW: one detection every 0.7 to 2.0 minutes
HIGH: one detection every 180 to 540 minutes



FLAN
FAST L-band Array of Nineteen beams

Ha edit  Seach Kun Li5 Window “elp

E :II:;‘JL‘;M:QQ A F (8 | R | oy [ By v | &am The LargeSt
e ee el ] -band feed-horn array

Cryogenics Monitor Beam Status

Supply Return

Comprassor 1 (£} 285,599 60,041 ‘ . .
Comprassor 2 [p.s.i) 292.061 48.531 i ‘
Sompressvi 3 (psd 310,246 76.579 “.““.‘ ® 1 .05 - 1 .45 GHZ

n h B
20K Pl (K) 17.244 16.875 18.168 4 : v .
70K Pl () 6.175  65.087  65.474 ‘ ‘ ‘ ﬁﬁi‘t"&’w ’ 181< Tsys
vacuum [Fa) 7.48-5 Vau Gauge Code  GOOD ‘ ‘ ‘ o 19 BEAM FEED ARRAY

System Slatus

e ) e @ @[5~ ® | + BEAM WIDTH 2.9 at 21cm
=] + BEAM SPACING 270mm (~6)

Mads TN Tamgeshie 7

— = oo lem + DUAL LINEAR POLARIZATION
+ POL. CROSS-COUPLING <-30 dB




Declination offset (arcmin)

T (HFEW)

Credit: L. Staveley-Smith

220 full days

S

230 hours
2-3 years

20

10+

FAST receiver rotation=0.0 deg

< e
———+—SS80
S-S 660
————9 S0
< &80

1

40 30 20 10 0 -10
Right ascension offset (arcmin)
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19beam - Drift Commensal Survey
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~ 1000 pulsars
>100K galaxies

>10 billion voxels HI images
>50 FRBs




Commensal Radio
Astronomy FAST Survey (o LA LTS

FASTEZRFEHMMEBERITHEKRX

unprecedented commensality: VR FAST
.S in Space

pulsar, galaxy, imaging, and FRB

* Commissioning and survey demonstration

F
A
S
T
EZ
4

* 1500 hours Parkes time for follow-up

* Negotiation with GBT underway 22
Through collaboration with MPIfA, 100 =
hours/semester Effelsberg for follow-up /T

* PI programs (11) with proposing lead from
Di Li, Pei Wang, Lei Qian, Matko Krco, Alex Dunning,

PI(U, NJ U, SHAO, XAO, BNU, ctcC. Peng Jiang, Youling Yue, Chenjin Jin, Yan Zhu, Zhichen Pan,

it L1 2 Ol

and Rendong Nan
°
*S d Arecibo DDT, Effelsb
ecure e Cl O b e S erg Op en aving achieved “first light” immedi- original “busily commissioned” is not clear in ¢
. ately prior to the ceremony introduc- text.> Its innovative design requires ~1,000 points
tlm e ing it on 25 September 2016, China’s be measured and driven instead of just the two axe! ~ (((
500-m aperture spherical radio tele- motion, e.g, azimuth and elevation for most conv I
scope (FAST) is now being kept busy tional antennas, to realize pointing and tracking,
with commissions. <Au: Please check previous edit;

ABAINS | QY4 AWOUOJISY Olpey |esuswwo) 8y |

* GBT, Arecibo, Chandra, VLLBI, GMRT, X

MWA proposals ete. submitted Li et al. 2018, Invited Review
e Data facility (20PB+200 Tflop+100Gbs) IEEE Mm'm ave, o] 1 9, Issue 3, p112

contract signed



F ASTi((_( 9{ %m jZIJ H D1 http:/ / crafts.bao.ac.cn

CRAFTS

) — « The Commensal Radio Astronomy FAST Survey
CRAFTS '\_ DR 2l i : ] -
e M EAST £ £} 22 H 5 [ 0 357 4 5K
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BINARY FAST new pulsar (Untimed)
10| . 4 . MAGNETAR i}‘.* FAST (Timed by Parkes)
- - NORMAL FAST (Timed by Effelsberg)
m=a RRAT ».* FAST (Timed by Fermi-LLAT)
106 XDINS ».* FAST (Timed by FAST)
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